A computer program incorporating an adaptation of a statistical method, the multiprocess Kalman filter, was used to detect changes in trends of plasma creatinine and urea concentrations. In 28 recipients of renal allografts a definite deterioration in renal function was identified retrospectively on 32 occasions by an experienced renal physician independently of the statistical analysis. The computer identified 31 of these 32 episodes using creatinine and urea results, and 29 using creatinine alone. Dysfunction was identified by the computer significantly earlier (p <0 05) than by the clinician and a median of one day earlier (p <0 02) than treatment was actually initiated. The computer identified dysfunction on 11 out of 1259 days when the clinician did not suspect rejection. These 11 episodes may have had a pathological importance, though no clinical diagnosis was made.
Introduction
Plasma creatinine and urea concentration are the measurements most widely used for detecting renal allograft rejection, with a rise indicating a deterioration in renal function. The results are rarely considered in a way that makes best use of their potential to define events. A review of 26 consecutive papers from publications concerned with tests investigated for their potential as monitors of human allografts showed a wide range in the incidence of rejection episodes, whether these were considered as episodes per patient (0-16-3-86) or as episodes per patient month (0-11-2-00). Objective criteria for rejection were defined as arbitrary rises in serum creatinine concentration in two of the 26 papers and were omitted completely from the remaining 24. Recently published reports on new immunological methods,1 2 that claim to be able to diagnose rejection earlier also fail to define the onset of the decrease in renal function due to rejection with an adequate analysis of plasma creatinine values.
We have advocated a simple regression method to help define the onset of functional change, using graphs of plasma creatinine concentration transformed to the reciprocal and 'corrected" for acute changes in body weight.3 These graphs help time the onset of rejection but necessitate a subjective assessment of the information, and a more objective analysis was considered necessary. The Kalman filter4 was chosen and adapted to define in quantitative terms any change in trends shown by sequences of the plasma creatinine or urea concentrations. The statistical probability of change could then be used to define objectively when an acute failure of renal function, usually due to rejection, had occurred.
Similar sequences of observations are collected in the course of many clinical and experimental studies, and failure to apply appropriate statistical techniques may result in important facts about change in trend remaining undetected, or being described only subjectively. Changes in the pattern of observed sequences may be masked by "noise" in the system, resulting from biological variability, and from errors in collecting, measuring, and processing of data. Statistical To arrive at optimal clinical decisions the calculated probabilities may be combined with specific assessments of utility, such as those adopted by van der Helm and Hische12 for considering blood glucose values. The interpretation of utility assessments requires expert subjective opinion, however, so receiver-operator characteristic (ROC) curves were chosen to define an objective cutoff value above which results were deemed to indicate that a significant deterioration in renal function had occurred.13 
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Ideally a test should have a high specificity and sensitivity (correspondingly, a low false positive ratio and high true positive ratio). To achieve a high predictive value for the test a high specificity was required and this was achieved by choosing an arbitrary, but constant and reproducible ratio of true positive to false positive of 3:1. This gave a cutoff for weight-corrected creatinine of 0-195. Any result exceeding this has a predictive value, calculated from the results in table I, greater than 0 72-that is, given a result exceeding 0 195, the probability that a significant deterioration in renal function has occurred exceeds 0-72. The corresponding predictive values at the cutoff were 0 63 for urea and 0-73 for uncorrected creatinine. Figure 3 illustrates the application of the techniques to two different series of data; in both examples a significant deterioration in function was detected before the plasma creatinine concentration exceeded 200 sImol/l (2 3 mg/100 ml).
DEFINITION OF TIME OF ALLOGRAFT REJECTION
For clinical rejection category 6, MSK estimated the time he would have started antirejection treatment given the hypothetical assumptions (a) early treatment is beneficial, (b) too much treatment is dangerous, and (c) the patient's state of health at the time would not affect the decision to treat. This defined the time of retrospective clinical diagnosis of rejection. The time of prospective clinical diagnosis was taken as the time when antirejection treatment was actually started; this was the only objective evidence as to the time when the clinical team agreed rejection was occurring. The clinical estimates were made to the nearest half day as they were ocasionally based on the results from evening specimens. The time of computer diagnosis of rejection was defined as the day on which the probability that a slope change had occurred (fig 3) exceeded the cutoff value. This is a prospective diagnosis of rejection as the computer analyses results sequentially as they would be supplied in the clinical setting. Times of diagnosis were compared using a two-tailed Wilcoxon paired ranked sum test.
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Results A definite deterioration in renal function (rejection categories 1 or 6) was identified by the clinician on 32 occasions, on 28 of which this was due to rejection (tables I and II). Twenty nine of these episodes were detected by the statistical analysis using only plasma creatinine results, and 25 when using only plasma urea results (including two not detected using plasma creatinine). On a single occasion the computer method failed to detect a deterioration in renal function considered clinically important, both at the time and in retrospect. In this the only false negative incident clinical diagnosis was based on two rising creatinine values, one morning and one evening measurement, the latter of which was not able to be used in the statistical technique at that phase of its development as reported here. The high evening result was followed by a fall in creatirine and the deterioration in function failed to reach significance when the statistical analysis was applied.
When creatinine data were analysed without applying any weight correction" for acute changes in hydration the rate of detection fell from 29 to 26 out of the 32 episodes, reflecting the importance of this adjustment.
Using weight corrected plasma creatinine concentrations the computer identified rejection a median of one day earlier (p < 0 02) than treatment was actually started by the transplant team (table II) . The team in Nottingham at that time used hand drawn graphs of the weight corrected reciprocal of plasma creatinine and were, therefore, better able to identify rejection early than those groups who do not use these methods. Computer identification was also significantly earlier (p < 0-05) than the retrospective clinical diagnosis of rejection (made by MSK), diagnosing rejection seven days earlier in one instance. Using the statistical method rejection was diagnosed consistently earlier using weight corrected creatinine rather than urea concentrations (p < 0 01), and there was no significant difference between the time of a statistical diagnosis based on plasma urea and the clinical diagnosis of rejection.
The difficulty of defining a disturbance of renal function is illus- 
Discussion
Graphical presentation of results, after appropriate transformations when necessary to, for example, the log or reciprocal, offer a useful way of considering the long sequences of data collected from patients.'3-16 Computers are already being used by some renal units, including our own, to store data and present them instantly as graphs. '7 18 These units have the facility to make mathematical transformations, calculate corrections for acute changes in volume of distribution, and perform statistical analyses. We investigated the ability of the computer to perform statistical analyses and demonstrated that statistical programs may define an event as well as or better than an experienced clinician working in retrospect.
If, for purposes of comparison, rejection episodes were defined objectively as the time that the computer identifies TABLE I-No of times a deterioration in renal function was diagnosed by computer and by clinician for each of six clinical categories. These categories may be grouped into those where there was definitely no deterioration in renal function (O and 5) and those in which a definite deterioration in function occurred (1 and 6). Sensitivity and specificity of weight corrected creatinine and urea and of uncorrected creatinine were calculated from these two groups. In addition, there were 65 days when there was uncertainty whether a deterioration in function had occurred (2, with other illnesses necessitating intensive monitoring of numerical data,9 and to the evaluation of series of data collected in the course of research.
Introduction
Recurrent herpes simplex infections around the mouth (herpes labialis, cold sores, fever blisters) occur in up to one fifth of young adults,' 2 but no treatment has hitherto been shown in double blind, placebo controlled trials to have an appreciable clinical benefit. The discovery of acyclovir (Zovirax, Wellcome), an antiviral drug with highly specific activity against herpes simplex virus types 1 and 2,3 offers the possibility of a safe and effective topical preparation for the treatment of recurrent herpes simplex virus infections. Oral acyclovir has been shown to be effective in the treatment of recurrent genital herpes,4 and topical acyclovir in an ointment base (polyethylene glycol) shortens the duration of virus shedding in patients with recurrent genital herpes5 and herpes labialis,6 without producing a demonstrable clinical benefit. The limited effect of local antiviral treatment in recurrent herpes simplex virus infections may be due to poor skin penetration of the drug, and on this account it has been suggested that acyclovir be applied using dimethyl sulphoxide as the vehicle.86 7An alternative formulation using propylene glycol as solvent has been found to be superior to acyclovir ointment for the treatment of experimental cutaneous herpes simplex virus infections in animals.8
